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INTRODUCTION 
Metallic cerium has been the topic of numerous theoret­
ical and experimental studies originating mainly from its 
variable electronic and allotropie natures. It can exist in 
at least four different allotropie forms, three of which 
occur between room temperature and liquid nitrogen. At room 
temperature and one atmosphere pressure the stable allotrope 
o 
is F.C.C. (^  = 5.16A) "Y-cerium. Upon cooling a sample at 
normal pressure the Y-allotrope begins to transform to a 
o o 
second allotrope, 8-cerium (D.H.C.P., a = 3.68A, ç = 11.92A) 
at 250°K. Further cooling results in the remaining Y trans­
forming to a third allotrope, cy-cerium (F.C.C'., a = 4.85A) 
o 
at 116 K. Unless special precautions are taken a sample of 
Y-cerium cooled to cryogenic temperatures at normal pressure 
will invariably contain a mixture of the a and 3 phases. 
Presently there is considerable controversy concerning 
the electronic configuration of a-cerium (1,2,3,4,5,6). 
Positron annihilation experiments (1) suggest or-cerium has 
one 4f electron, magnetic susceptibility measurements (3,4) 
indicate it has a partially filled 4f band, while neutron 
diffraction results (5) suggest e-cerium has no 4_f electrons. 
In part, this uncertainty is due to the fact that essentially 
2 
all experiments performed on cerium were done on multi phase 
(û- plus P) samples and not on pure single phase of-cerium. 
Because of this lack of reliable data and great interest 
in the electronic nature of a-cerium a study of its low tem­
perature specific heat was undertaken. At low temperatures 
the specific heat of most metals can be written as (7,8): 
C(total) = C(electronic) + C(lattice) (1) 
where C(electronic) and C(lattice) are respectively the elec­
tronic and lattice contributions to the total specific heat. 
In the free electron approximation the electronic component 
is given by (7,8): 
C (electronic) = (l/3)Tr^ k^ VN(E)T (2) 
= YT (3) 
where k = Boltzmann's constant 
V = molar volume 
N(E) = density of electronic states at the Fermi surface 
Y = electronic specific heat constant. 
The important feature to notice is the electronic specific 
heat is directly proportional to the temperature and the pro­
portionality constant, Y, is in turn proportional to the 
density of electronic states at the Fermi surface. The deri­
vation of Equation 2 shows N(E), and hence Y, is an average 
property and so no details of the energy bands can be 
3 
explicitly obtained from the electronic specific heat. None­
theless, Y is a useful parameter especially for comparing one 
metal to another (9,10). 
The lattice contribution to the specific heat for metals 
at low temperatures is usually analyzed in terms of the Debye 
approximation which leads to (7,8): 
C(lattice) = (12/5)TT^ R( | )^  (4) 
= (5) 
where R = gas constant 
T = absolute temperature 
6 = Debye characteristic temperature. 
Substitution of Equations 3 and 5 into Equation 1 gives 
C(total) = YT + 3T^ . (6) 
Within this model for T « 6 a plot of C/T vs will be 
linear. The intercept at T = 0°K gives y directly while 6 
is obtained from the slope. Thus, the first objective of 
this study was to prepare pure cerium and measure its low 
temperature specific heat thereby providing reliable experi­
mental values for Y and 0 to be used to support or refute 
current models. 
The second objective of this work was a study of the 
D.H.C.P. p-allotrope. Magnetic susceptibility (3,4) and 
4 
neutron diffraction experiments (5) have established that 
P-cerium undergoes an antiferromagnetic transition at 13°K. 
Crystal field effects in 3-cerium (11) based on specific heat 
measurements (12,13) have been considered, and an article by 
Gschneidner and Smoluchowski (6) considered among other topics 
the electronic structure of the p-allotrope. Unfortunately, 
as was the case for a-cerium, all measurements were in fact 
done on multi phase cerium samples and so interpretations 
based on these measurements are open to question. 
To study the electronic and magnetic nature of 3-cerium 
a two-fold approach was used here. First, an attempt was made 
to prepare pure single phase 3-cerium. The second approach 
was to utilize the observations that yttrium, when added to 
cerium, stabilized the B-phase in cerium with respect to both 
the a and y phases (14,15). The results of low temperature 
specific heat measurements on the 3-stabilized Ce-Y alloys at 
several concentrations could then possibly be extrapolated to 
obtain values for the pure 3-phase. A combination of these 
specific heat measurements with similar measurements on 3-
cerium should yield reliable information about the electronic 
and magnetic nature of the D.H.C.P. allotrope. 
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SAMPLE PREPARATION 
Table 1 contains a chemical analysis of the metals used 
in this project. 
a-Cerium 
As discussed above one cannot obtain single phase a-
cerium by simply cooling V-cerium from room temperature to 
cryogenic temperatures. Therefore, a three step technique 
based on the pressure-temperature diagram proposed by 
Gschneidner and co-workers (16) was used to prepare e-cerium, 
see Figure 1. 
In the first step a well annealed sample of y-cerium was 
compressed to 10,000 atmospheres pressure to convert it to the 
a-allotrope. Figure 2 shows the pressure cell. The piston-
die combination was made of tungsten-carbide. A soft iron 
shell surrounded the die to protect the operator in case of 
failure of the die or piston. The die and shell were in turn 
inside a metal container which was filled with liquid nitrogen 
as required in the second step. 
The second step was to cool the whole assembly, housing 
as well as sample, with liquid nitrogen while maintaining the 
pressure at 10,000 atmospheres. After reaching liquid nitro-
6 
Table 1. Chemical analysis of components (impurity levels 
are given in atomic ppm) 
Impurity Ce^  Ce" Y 
H 417 972 353 
C - - 180 
N 40 30 76 
0 551 1190 972 
F - - -
Mg 8 4 4 
A1 6 6 30 
Si 30 30 20 
Ca 7 30 2 
Sc 4 30 10 
Cr 2 5 10 
Mn 0.3 0.6 0.1 
Fe 40 20 200 
Ni 10 4 20 
Cu 4 4 20 
Zn 0.7 0.6 0.2 
Y 20 160 M 
La 10 5 1 
Ce M M 0.6 
Pr 10 70 0.2 
Nd 50 200 1.0 
Sm N.D. N.D. N.D. 
Eu N.D. N.D. N.D. 
Gd 40 140 4 
Tb <6 20 1 
Dy 7 50 0.8 
Ho 5 20 2 
Er 10 20 1 
Tm 0.1 0.1 N.D. 
Yb <1 0.5 N.D. 
Lu 0.2 0.3 1 
Ta 30 60 3 
Th 40 50 1 
M - Major component; < - Less than; N.D. - Not detected 
- Not analyzed for. 
C^e used in preparation of or and P allotropes. 
C^e used in preparation of Ce-Y alloys. 
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Figure 1. Temperature-pressure cycle to prepare «-cerium 
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Figure 2. Details of pressure cell used to prepare a-cerium 
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gen temperature, the third step was to release the pressure. 
The sample was maintained at 77°K for loading into the cal­
orimeter after which it was cooled to 4.2°K. This loading 
procedure is described in more detail in a latter section. 
Suffice it to say here that single phase «-cerium containing 
0.25% P-cerium or less was obtained via this technique. 
3-Cerium 
The procedure used in the past to prepare P-cerium was to 
begin with a Y-cerium sample, cool it to cryogenic tempera­
tures, then warm it back to room temperature. After this 
first cycle the sample would contain about 25-50% &-cerium 
with the rest Y-cerium. Further cycling as many as 100 times 
normally resulted in a maximum of only about 60-75% P-cerium 
the remaining being Y or «-cerium depending on the tempera­
ture. A 100% @-cerium sample was desired for the present 
study. 
The technique used here in an attempt to prepare pure 
P-cerium was based in part on the work of Koch and McHargue 
(17). They found the degree of completion of the transforma­
tion Y"*3 was dependent on the original grain size of the Y-
cerium. Specifically, they found that Y-cerium containing 
large grains (~5 mm average diameter) yielded more g-cerium 
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on cooling than did a Y-cerium sample containing small grains 
(0.005 to 0.1 mm average diameter). It therefore appeared 
reasonable that as large as possible grains should be prepared 
for a Y-cerium sample which should then be thermally cycled to 
induce the Y"*3 transformation. 
Large grains of Y-cerium were prepared as follows. A 
cerium sample was melted in a conventional arc melter into the 
shape of a finger approximately 3" long and 5/16" in diameter. 
The sample was first sealed in a tantalum crucible and then in 
a quartz tube, and heated to 975°K for 24 hours. It was then 
given a 5 step heat treatment to induce grain growth: (1) 
heated to 1025°K for 12 hours, (2) cooled to 975°K for 12 
hours, (3) heated to 1025°K for 12 hours, (4) cooled to 975°K 
and held there for 10 days, (5) air cooled to room temperature. 
This method of grain growth utilizes the induced strain which 
results from thermally cycling cerium through the allotropie 
transformation occurring at 1000°K. 
o 1000°K o 
Ô-Ce(B.C.C., a= 4.1U) « Y-Ce(F.C.C., a = 5.16A) (7) 
Grain size after this procedure was 2-3 mm. 
The sample was then cycled thirty times between room tem­
perature and 4.2°K to induce the Y-'P transformation. Because 
of the sample's large grains and their preferred orientation 
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the relative amounts of the Y and 3 phases present could not 
be determined by conventional x-ray diffractometer techniques. 
Therefore low temperature dilatometry, a method described and 
used by Gschneidner and co-workers (16), was used to determine 
the relative amount of or and 3 present in the sample. These 
measurements indicated the sample was 91 + 5% 0 phase with the 
rest a-phase. To date this is the highest p-phase fraction 
ever prepared in pure cerium samples. 
B-Stabilized Ce-Y Alloys 
For convenient reference the Ce-Y phase diagram (15) is 
reproduced in Figure 3. The six filled circles show the loca­
tions and anneal temperatures of the alloys. All six were 
prepared by melting weighed amounts of Ce and Y in a conven­
tional arc melter. Contamination by air was kept to a minimum 
by handling and storing the metals and alloys in a dry argon 
atmosphere. After arc melting the alloys were sealed in Ta 
crucibles and quartz tubes and given the heat treatments 
summarized in Table 2. 
As seen from the Ce-Y phase diagram, Figure 3, sufficient 
amounts of Y added to Ce results in the stabilization of g-
cerium. It was felt the 96.1 a/o cerium alloy which was in 
the Y~stabilized region may be induced to transform to the 
1600 
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Figure 3. Cerium'yttrium phase diagram showing locations of alloys used in 
these experiments 
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Table 2. Summary of the anneal times and temperatures of the 
six 3-stabilized Ce-Y alloys 
Alloy Anneal time Anneal temperature 
(a/o Ce) (days) (°C) 
96.1 68.9 700 
82.3 74.9 400 
78.2 61.1 700 
75.6 40.2 700 
71.7 52.1 700 
68.6 60.9 700 
B-phase by thermal cycling between room temperature and 4.2°K. 
To check this possibility the alloy was quenched to room tem­
perature after its heat treatment then cycled 30 times between 
4.2°K and room temperature. Examination by a conventional 
x-ray diffractometer showed the alloy was approximately 85-
90% 3-phase with the remainder Y-phase. 
The other five alloys were air cooled to room temperature 
following their heat treatment and examined with the x-ray 
diffractometer. As expected from the phase diagram all five 
alloys were single phase D.H.C.P. to within a detection limit 
of -10%. 
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APPARATUS 
An adiabatic calorimeter was designed and constructed 
for these experiments. In simplest form the operating prin­
cipal was to thermally isolate a sample from its surroundings. 
A known amount of heat was supplied to the sample and the 
resulting rise in temperature was noted. The specific heat 
was then given by the ratio of the heat input to the rise in 
temperature. 
Two modifications of the calorimeter were used in these 
experiments. First a special liquid nitrogen loading modifi­
cation was required because the a-cerium sample had to be 
mounted in the calorimeter while at 77°K. The second, called 
the normal modification, was used for the cases where the 
samples were loaded into the calorimeter at room temperature. 
The actual operating procedure as well as the methods of data 
acquisition and reduction are only briefly mentioned since 
they have been carefully described by R. R. Joseph (18). 
Calorimeter, Normal Modification 
Details of the normal modification are shown in Figure 4. 
The addendum consisted of a gold plated copper block to which 
were attached; 1) the sample heater, 1940 0 (room temperature 
value) non-inductively wound manganin wire, 2) a germanium 
15 
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Figure 4. Details of the calorimeter, normal modification 
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resistance thermometer, 3) the gold plated copper auxiliary 
holder, and 4) five gold plated copper set screws to clamp 
the auxiliary holder into place. A stainless steel vacuum 
jacket surrounded the sample-addendum combination. Woods 
metal was used at the lid-jacket joint for convenient demount­
ing. 
To make a run the sample was cooled to 4.2°K by raising 
it into thermal contact with the liquid helium bath. After 
bath temperature was reached, typically one to five hours, 
the sample was lowered to break thermal contact and the run 
begun. Five to nine hours were usually required to complete 
a specific heat run. 
Calorimeter, Liquid Nitrogen Loading Modification 
The principal design requirement of this modification of 
the calorimeter was the capability of loading the cv-cerium 
sample while it was under liquid nitrogen. As discussed in 
detail in an earlier section once Of-cerium was prepared it had 
to be kept below about 180°K to prevent it from transforming 
back to the Y-phase. 
Upon completion of the temperature-pressure cycle the 
e-cerium was drilled and tapped while under liquid nitrogen 
and then threaded onto a copper plug which was in turn clamped 
17 
into the copper block, see Figure 5. The intermediate copper 
plug was necessary because the larger thermal contraction of 
or-cerium with respect to copper caused the cerium sample to 
fall Out of place when clamped directly to the copper block. 
Next the sample was immersed in liquid nitrogen which was con­
tained in the stainless steel vacuum jacket. Because of the 
poor thermal conductivity of the stainless steel vacuum jacket 
it was possible to make either a soft solder or Woods metal 
connection at the lid-jacket joint while the sample was 
immersed in liquid nitrogen just one inch away I The final 
step was to pump out the liquid nitrogen and cool to 4.2°K. 
Data Acquisition and Reduction 
Data acquisition was basically a four step process. 
First, the sample temperature was measured. Second, two 
simultaneous operations were carried out: a) an electric 
current was supplied to the sample heater causing a rise in 
temperature, and b) an electric interval timer was started, 
see Figure 6. The third step was to end the heat pulse by 
simultaneously shutting off the electric current and interval 
timer. Fourth and last the increased sample temperature was 
measured. The procedure was then repeated for the next data 
point. 
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Figure 5. Details of the calorimeter, liquid nitrogen 
loading modification. Additional details in 
Figure 4 
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Data reduction consisted of a calculation of the sample 
specific heat based on the following equation (all calcula­
tions were done on an Iffil 360/65 computer): 
CN = ^ (S) 
Tf - Ti 
where C = specific heat of sample 
N = number of moles or gram-atoms of sample 
ly = heater current, values ranged between 0.1 to 2.0 ma 
Rh(T) "= temperature dependent heater resistance, RY(T) was 
measured from 2.5°K (17100) to 20°K (17320) 
AQ = l/2Ijj Rl, a one percent correction for the heat 
generated in the electrical leads between the bath 
and the addendum, R%^  is the resistance of this 
portion of the leads (190) 
At = elapsed time of heat pulse, typically 20-80 seconds, 
t^ and IJJ were adjusted to give AT % T/25°K 
Tp = temperature of sample after heat pulse, temperature 
was measured with a Solition germanium resistance 
thermometer which was calibrated against the T618 
temperature scale (19) 
T% = temperature of sample before heat pulse 
21 
CAddC^ ) temperature dependent addendum heat capacity 
CAdd(T) was measured between 2.5 and 20^ K 
Plots of C vs T and C/T vs T were also generated by the 
computer. 
Accuracy Check 
The accuracy of the apparatus was checked by measuring 
the specific heat of a 1965 Calorimetry Conference copper 
standard. Two separate runs were made and the results were 
compared to the smoothed values (20,21) in Figure 7, where 
the points are the present results and the line is the best 
values for the 1965 Calorimetry Conference copper. An over 
all accuracy and precision of ~1% was indicated. 
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RESULTS AND DISCUSSION 
a-Cerium 
The specific heat of e-cerium between 2.5 and 20°K is 
shown in Figure 8. The smooth data indicates the sample was 
free of the other cerium allotropes. Since g-cerium is known 
to magnetically order at about 13°K (3,5) its presence would 
be indicated by a peak in the specific heat at 13°K. We 
estimate we can detect the presence of approximately 0.25% 3 
because of the large specific heat associated with the mag­
netic ordering of this phase. Figure 9 shows the standard 
C/T vs T plot of the low temperature data which was least-
squares fitted by computer to give Y = 9.79 + 0.10 (mj/mole-
deg K^ ) and 0 <= 117 + 5°K. 
These y and 0 values agree reasonably well with the high 
pressure (11 kbar) specific heat results of Philips, Ho, and 
Smith (22) who found y = 11.3 (mj/mole-deg K^ ) and 0 = 200°K. 
The large difference between the present 0 value and that of 
Philips and co-workers is consistent with the observed in­
crease in a-cerium Debye temperature with increasing pressure 
as reported by Vomov, Vereshchagin, and Goncharova (23). In 
fact the present value of 117°K for the Debye temperature 
compares very well with the value of 118°K as obtained by 
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Figure 8. Specific heat vs temperature for #-cerium 
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extrapolation to atmospheric pressure of the high pressure 
room temperature data of Vornov and co-workers. 
The electronic specific heat constants as determined from 
Mukhopadhyay and Majumdar's (24) density of states values for 
of-cerium are 3.7 (mj/mole-deg K^ ) for three s^  d electrons and 
2.9 (mj/mole-deg K ) for the four ^  d electrons. These values, 
respectively, are 2% and 3% times smaller than the observed 
value. Probably this is due to electron-phonon and electron-
electron interactions which cause an enhancement of the 
observed electronic specific heat constant. This enhancement 
is somewhat larger than the factor of two observed for Sc (25), 
Y (26) and the heavy lanthanides (26) for which density of 
states values were calculated by using an AIW method, the same 
method as used for «-cerium. 
Other low temperature specific heat measurements on cer­
ium have been on samples containing mixtures of the or and 3 
allotropes (12,13,27). The values heretofore for the elec­
tronic specific heat constant and the Debye temperature for 
«-cerium were obtained by assuming a value for the 0-phase 
and estimate of the amounts of a and 3 present. Values so 
obtained for «-cerium are open to serious criticism. Indeed 
Y values for «-cerium from 21.0 to 57.7 (mj/mole-°K^ ) have 
been summarized by Gschneidner (28). 
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Finally the C/T vs plot for a-cerium, Figure 9, shows 
positive curvature at the lowest temperatures. While the 
origin of this curvature is not known a few possibilities can 
be considered. First, magnetic ordering of the impurities 
present must be considered. Analysis of the samples before 
and after the measurements. Table 1, indicated a relatively 
low magnetic impurity content and a hi^ , 99.9 atomic percent, 
purity cerium sample was used in these experiments. This 
sample analysis makes impurity ordering a doubtful cause of 
the positive curvature. 
A second possibility is that a small amount of the g-
phase was actually present in the sample. Since B-cerium 
magnetically orders at 13°K a-cerium could dilute the strength 
of the magnetic interaction and cause the 3-phase to order at 
a much lower temperature. A sample which was a mixture of 3 
plus Y cerium was run through exactly the same temperature-
pressure cycle as described above and it was found to order 
at ~13°K. Assuming the Y transformed to a while the 0 re­
mained unchanged this separate run makes the 3-impurity idea 
a doubtful origin of the observed curvature. 
The last possibility considered here is simply that the 
of-cerium itself is undergoing a magnetic transition. This is 
28 
at least possible since some earlier investigators have 
attributed approximately 0.3 4^  electrons to the a-phase (6). 
Further specific heat measurements to lower temperatures com­
bined with magnetic susceptibility measurements should help 
explain this observation. 
19-Cerium and p-Stabilized Ce-Y Alloys 
Figures 10 through 16 show the specific heat results for 
a 91%3-9% or-cerium sample and the 3-stabilized Ce-Y alloys. 
The first feature to notice is all six alloys showed magnetic 
ordering characteristic of P-cerium. Table 3 summarizes the 
ordering temperatures and Figure 17 illustrates the almost 
linear dependence of cerium concentration with ordering tem­
perature . 
Table 3. Summary of the ordering temperatures and phases 
present in the high B-cerium sample and the six 
3-stabilized Ce-Y alloys 
Alloy (a/o Ce) Ordering temperature (°K) Phase present 
100 12.8 + .1 orf-3 
96.1 11.4 + .1 cH-e 
82.3 8.5 + .1 3 
78.2 7.7 + .1 3 
75.6 6.9 + .1 9 
71.7 5.9 + .1 3 
68.6 5.05 + .1 3 
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Figure 10. Specific heat vs temperature for 9l%0-9%a-cerium 
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Figure 17. Ordering temperature vs atomic percent cerium 
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This decrease in ordering temperature with increasing yttrium 
content is consistent with the magnetic origin of the 
specific heat peaks in that the strength of the magnetic 
interaction is reduced by dilution and hence the ordering 
temperature lowered. 
In contrast to the case of simple metals treated earlier 
the interpretation of the low temperature specific heat of 
magnetic systems requires a more complicated analysis. The 
detailed separation of the total specific heat depends on the 
particular system under investigation (7,8). Often the total 
specific heat of a magnetic system as studied here can be 
attributed to four terms. The first two the lattice and the 
electronic contributions were treated above. The third con­
tribution is associated with the magnetic ordering of the 
material. The fourth contribution is due to the thermal 
excitation of the electrons from the ground state level to 
the excited higher energy levels. These excited levels arise 
because the crystal field around an ion removes the degen­
eracy of the ground state (7,8,11,29-31). In equation form: 
C(total) = C (lattice) + C(electronic) 4- C (magnetic ordering) 
+ C(crystal field) (9) 
A straightforward analysis of the lattice and electronic 
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contributions resulting in values of y and 0 for the 91%P-
97m cerium sample and for the 3-stabilized Ce-Y alloys was 
not possible. Essentially this was because the magnetic 
ordering contribution dominated the total specific heat in 
the low temperature region where the standard C/T vs T 
separation is performed. Therefore values for the lattice 
and electronic contributions for the high p-cerium case were 
simply taken as equal to those of lanthanum where the results 
of Herman and co-workers (32) were used below the supercon­
ducting transitions and the results of Lounasmaa (33) were 
used for lanthanum above the transition temperatures. No 
correction was made to the lattice and electronic contribu­
tions to the total specific heat of the high P-cerium sample 
due to the presence of the 9% cv-cerium. This was because the 
specific heats of @-cerium (measured here) and lanthanum 
(quoted above) are of similar magnitude and so a second order 
correction, estimated to be on the order of 1%, results in 
the total specific heat of the high g-cerium sample. 
Values for the lattice and electronic contributions for 
the Ce-Y alloys were based on specific heat measurements made 
on the D.H.C.P. La-Y system by Satoh and Ohtsuke (31). These 
two alloy systems have the same crystal structures and the 
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same dilutent, yttrium. Additionally, p-cerium and a-lantha-
num have electronic structures which differ by one 4f elec­
tron. Since the measurements of Satoh and Ohtsuka were made 
to only 4°K it was necessary to extrapolate their results up 
to 23°K. 
The procedure used to obtain values for the lattice and 
electronic contributions to the specific heat of the Ce-Y 
alloys was as follows. At 4°K a ratio was formed between the 
specific heat of a given La-Y alloy, C(La-Y, T = 4°K), and 
the specific heat of La, C(La, T = 4°K). That is, C(La-Y, 
4°K)/C(La, T = 4°K) was computed. At some temperature, T, 
between 4 and 23°K the specific heat of the alloy was obtained 
by multiplying the specific heat of La at that T by the above 
ratio. In equation form: 
C(La-Y, T) = C(La-Y, T=4°K)  ^c(La, T) (10) 
C(La, T=4 K) 
In this manner, specific heat vs temperature curves were con­
structed from 4 to 23°K for the La-Y alloys measured by Satoh 
and Ohtsuka. Next, the specific heat was assumed to vary 
linearly with concentration between any two La-Y alloys so 
that the specific heat of an alloy of an intermediate concen­
tration was simply obtained by linear interpolation. Finally, 
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the lattice and electronic contributions to the specific heat 
of a Ce-Y alloy measured here was taken as equal to the 
specific heat of the corresponding La-Y alloy as constructed 
above. Table 4 summarizes the Y and 0 values obtained from 
Satoh and Ohtsuka's specific heat measurements along with 
those used in the present work for the Ce-Y alloys as obtained 
above. 
Table 4. Summary of the crystal structures, Y, and 6 values 
for the La-Y and Ce-Y alloys. Entries for the La-Y 
alloys were taken from Satoh and Ohtsuka (31) while 
those for the Ce-Y alloys were obtained as described 
in the text 
Sample 
(atomic percent) 
Crystal 
structure 
Y 
(mj/mole-°K^ ) 
e  
(°K) 
85La-l5Y «-La 6.6 162 
75La-25Y I I  6.2 170 
60La-40Y I I  5.8 175 
96.lCe-3.9Y a-Ce, &~Ce 9.8 149 
82.3Ce-17.7Y e-Ce 6.5 165 
78.2Ce-21.8Y 11 6.3 168 
75.6Ce-24.4Y I I  6.2 169 
71.7Ce-28.3Y I t  6.1 171 
68.6Ce-31.4Y I I  6.0 173 
Once the lattice and electronic contributions to the 
total specific heat were obtained the magnetic ordering and 
crystal field terms could be separated. The 68.6 a/o cerium 
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alloy ordered at the lowest temperature, 5.05°K, and so would 
be the most likely to have completed its magnetic contribu­
tion by ~23°K. Therefore, somewhat arbitrarily, the total 
specific heat at 23°K was assumed to be the sum of the lat­
tice, electronic, and crystal field terms. Next a smoothly 
decreasing curve was drawn from 23°K such that the crystal 
field term progressively diminished finally becoming less 
than 1% of the total specific heat at around 8°K, see Figure 
18. The crystal field term so constructed was then assumed 
to be linearly dependent on the atomic percent of cerium and 
was used as the basis for the separation of the remaining 
five alloys and the 0-cerium. 
Valuable information can be obtained from the entropy 
associated with the magnetic ordering. The entropies were 
calculated from the equation (7,8): 
AS (magnetic ordering) = J ordering) 
where AS(magnetic ordering) = entropy associated with the 
magnetic ordering 
C(magnetic ordering) = magnetic ordering contribution 
to the specific heat 
T = absolute temperature 
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Figure 18. Separation of total specific heat of 68.6 a/o 
cerium alloy into (1) a lattice and electronic 
term, (2) a crystal field term, and (3) a 
magnetic term 
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and are summarized in Table 5. 
Table 5. Summary of the measured entropies and the values of 
P for the high 3-cerium sample and the six 3-
stabilized Ce-Y alloys 
Alloy (a/o Ce) Measured entropy, AS Values of P from 
(j/mole-°K) AS = c R In P 
100 4.8 + .1 1.9 + .1 
96.1 5.5 + .1 2.0 + .1 
82.3 5.1 + .1 2.1 + .1 
78.2 4.5 + .1 2.0 + .1 
75.6 4.3 + .1 2.0 + .1 
71.7 3.8 + .1 1.9 ± -1 
68.6 3.8 + .1 2.0 + . 1 
The significance of the entropy calculations stems from a 
result of statistical mechanics which says the entropy asso­
ciated with a system of P energy levels is given by (7,8): 
AS = R In P (12) 
where AS = entropy 
R = gas constant 
P = number of separate energy levels 
For the alloy cases. Equation 12 is modified to 
AS = c R In P (13) 
where 
c = cerium concentration in atomic percent 
Since AS, c, and R were known P was calculated, see Table 5. 
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A possible interpretation for the observed P ~ 2.0 is 
crystal field splitting. The hexagonal crystal field sur-
I o 2 
rounding the Ce ions splits the free ion F5/2 S^ ound state 
into three doublets (30). Therefore, the ground state for 
_lo 
the Ce ions would be a Kramers doublet (8). The internal 
field associated with the magnetic ordering then splits the 
Kramers doublet into two levels and hence AS = c R In 2. 
At this point an estimate was made of the hexagonal 
crystal field splitting between the ground state and the two 
excited doublets based on the scheme used in the separation 
of the 68.6 atomic percent cerium alloy. From statistical 
mechanics the specific heat associated with these energy 
levels is (7,8): 
Nk C = 
Z(kT)2, 
r=0 
kT 1 
I- - e 
m 2r 
"kT 
Gr ër G r 
r=0 
2 
(14) 
where C = specific heat 
N = Avogadro's number 
= energy of level r above ground state 
gr = degeneracy of level r 
k = Boltzmann constant 
T = absolute temperature 
» 
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m ®i-
r"0 
Since N, k, m, and gj. were known the technique was to choose 
values for Cj. such that the specific heat calculated from 
Equation 14 fitted the experimentally observed crystal field 
specific heat contribution. The best fit for P-cerium was 
for the first and second doublets at 85 + 5 and 110 + 10°K 
above the ground state. 
This crystal field splitting is in disagreement with 
Bleeney (11) who suggested the two doublets were at 30 and 
150 K above the ground state. Bleeney's results are open to 
question on two major points. First his fit was based on 
specific heat measurements (12,13) which were made on multi 
phase cerium samples. Second since B-cerium has an atomic 
stacking sequence of ••-ABACABAC••• Bleeney assumed that one 
half of the Ce^  ^ions were in a cubic crystal field while the 
remaining half were in a hexagonal crystal field. Nuclear 
magnetic resonance experiments on D.H.C.P. lanthanum (34,35) 
do not support this partition of D.H.C.P. into F.C.C. and 
simple H.C.P. A more reliable energy level scheme than 
either Bleeney*s or the present would result from specific 
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heat measurements extended to higher temperatures and done on 
single phase samples. 
Finally it was possible to consider the temperature 
dependence of the magnetic specific heat of the high B-cerium 
sample. Since this allotrope is known to order antiferro-
magnetically (3,5) spin wave theory predicts a cubic tempera­
ture dependence for the specific heat in a temperature region 
sufficiently below the Neel temperature (7,8). In equation 
form: 
C(antiferromagnetic) = AT^  (15) 
Therefore, a plot of the magnetic specific heat against the 
cube of the temperature should be linear. Figure 19 shows 
excellent agreement between theory and experiment for this 
sample. 
100 200 300 
TEMP. CUBED (DEG.K)3 
400 
Figure 19. Magnetic specific heat of P-cerium vs temperature cubed 
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SUMMARY 
A special technique was used to prepare pure single phase 
a-cerium. Its specific heat was then measured between 2.5 and 
20°K and analyzed to give an electronic specific heat constant, 
2 Y, of 9.79 + 0.10 (mj/mole-deg K ) and a Debye temperature, 0, 
of 117 + 5°K. The value for 6 is consistent with the observed 
increase in a-cerium Debye temperature with increasing pres­
sure (23), and the value for y is in reasonable agreement with 
that reported for a-cerium based on specific heat measurements 
done at 11 kbar pressure (22). At the lowest temperatures the 
2 
standard C/T vs T plot for er-cerium showed positive curva­
ture. A magnetic transition in e-cerium was considered as a 
possible explanation for this observation. 
The specific heats of 9l%3-9%a-cerium and six 3-stabi-
lized Ce-Y alloys were also measured between 2.5 and 20°K. 
Four principal results were obtained. First, all six alloys 
showed magnetic ordering characteristic of the cerium phase. 
The ordering temperature was observed to vary almost linearly 
with cerium concentration from 5.05°K for the 68.6 atomic per­
cent cerium alloy to 12.8°K for S-cerium. This trend was 
consistent with the magnetic origin of the specific heat peaks. 
Second, the magnetic contribution to the total specific 
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heat for 0-cerium was shown to be dependent on the third 
power of the absolute temperature. This was in agreement 
with the predicted cubic temperature dependence for an anti-
ferromagnetic material based on spin wave theory (7,8). 
Third, the hexagonal crystal field surrounding the Ce"^  ^
ions was believed to split the free ion F5/2 ground state 
into three doublets (30). The ground state for the Ce^  ^ions 
would then be a Kramers doublet (8). The internal field 
associated with the magnetic ordering was then assumed to 
split the ground state doublet into two separate levels with 
an associated entropy of R In 2. 
Fourth and last, the two upper doublets which resulted 
from the hexagonal crystal field were estimated to be 85 + 5 
and 110 + 10°K above the ground state. 
50 
ACKNOWLEDGEMENTS 
Many people around the Ames Laboratory have assisted me 
toward the completion of this thesis. With pleasure I wish 
to cite a few: Dr. K. A. Gschneidner, Jr., my advisor, for 
suggesting the problem and guiding me to its completion, Dr. 
R. R. Joseph for construction of an earlier calorimeter on 
which the present apparatus was based; M. Anderson of Dr. 
C. A. Swenson's Physics group for calibrating the germanium 
resistance thermometer which was used in the calorimeter; 
R. E. Hungsberg for his very able assistance in construction 
of the apparatus and many discussions thereafter; B. Beaudry, 
P. Palmer, and J. Croat of Dr. Spedding's Metallurgy group 
for supplying the metals used in this study; J. J. Tonnies 
for assistance in the low temperature dilatometry measure­
ments; and Dr. W. A. Taylor for many helpful discussions 
especially concerning the interpretations of the results. 
Finally I wish to thank my wife, Diana, for the numerous 
sacrifices she made during the period of this investigation. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
51 
BIBLIOGRAPHY 
D. R. Gustafson, J. D. McNutt, and L. 0. Roellig, Phys. 
Rev. 183, 435 (1969). 
A. S. Edelstein, Phys. Rev. Letters 20, 1348 (1968). 
J. M. Lock, Proc, Phys. Soc. (London) B70, 566 (1957). 
T. Murao and T. Matsubara, Progr. Theoret. Phys. (Kyoto), 
18, 215 (1957). 
M. K. Wilkinson, H. R. Child, C. J. McHargue, W. C. 
Koehler, and E. 0. Wollan, Phys. Rev. 122, 1409 (1961). 
K. A. Gschneidner, Jr. and R. Sinoluchowski, J. Less-
Common Metals _5, 374 (1963) . 
E. S. R. Gopal, Specific Heats at Low Temperatures 
(Plenum Press, New York, New York, 1966). 
H. Rosenberg, Low Temperature Solid State Physics 
(Oxford University Press, London, England, 1963). 
P. I. Slick, C. W. Massena, and R. S. Craig, J. Chem. 
Phys, 2788 (1965). 
F. Heiniger, E. Bucher, and J. Nul1er, Phys. Kondens. 
Materia 5, 243 (1966). 
B. Bleeney, In K. S. Vorres, ed. Rare Earth Research II 
(Gordon and Breach, New York, New York, 1964), p. 417. 
D. H. Parkinson, F. E. Simon, and F. H. Spedding, Proc. 
Roy. Soc. (London) A207, 137 (1951). 
D. H. Parkinson and L. M. Roberts, Proc. Roy. Soc. 
(London) 471 (1957). 
K. A. Gschneidner, Jr., R. 0. Elliott, and R. R, 
McDonald, J. Phys. Chem. Solids 1201 (1962). 
R. P. Elliott, Constitution of Binary Alloys, First 
52 
Suppi. (McGraw-Hill Publ. Co., New York, New York, 1965). 
16. K. A. Gschneidner, Jr., R. 0. Elliott, and R. R. 
McDonald, J. Phys. Chem. Solids 23, 555 (1962). 
17. C. C. Koch and C. J. McHargue, Acta Met. 1105 (1968). 
18. R. R. Joseph, The Low Temperature Specific Heat of Some 
Cerium and Lanthanum Laves Phase Compounds, Unpublished 
Ph.D. thesis. Library, Iowa State University of Science 
and Technology, Ames, Iowa. 1968. 
19. J. S. Rogers, R. J. Tanish, M. S. Anderson, and C. A. 
Swenson, Metrologia 4, 47 (1968). 
20. D. W. Osborne, H. E. Flotow, and F. Schreiner, Rev. Sci. 
Instr. 38, 159 (1967). 
21. G. T. Furukawa, W. G. Saba, and M. L. Reilly, National 
Standard Reference Data Series-National Bureau of 
Standards No. 18 (1968). 
22. N. E. Philips, J. C. Ho, and T. F. Smith, Phys. Letters 
27A, 49 (1968). 
23. F. F. Vomov, L. F. Vereshchagin, and V. A. Goncharova, 
Dokl. Akad, Nauk, SSSR 135, 1104 (1960); Eng. Transi., 
Soviet Phys. Doklady 135, 1280 (1960). 
24. G. Mukhopadhyay and C. K. Najumdar, J. Phys. C. (Solid 
State Phys.) 924 (1969). 
25. G. S. Fleming and T. A. Loucks, Phys. Rev. 173, 685 
(1968) . 
26. T. S. Loucks, Phys. Rev. 144, 504 (1966). 
27. 0. V. Lounasmaa, Phys. Rev. 133, A502 (1964). 
28. K. A. Gschneidner, Jr., In L. Eyring, ed. Rare Earth 
Research III (Gordon and Breach, New York, New York, 
1965), p. 153. 
53 
29. R. J. Elliott, Comments on Solid State Physics _1, 85 
(1968). 
30. T. Kasuya, In G. T. Rado and H. Suhl, ed. Magnetism IIB 
(academic Press, New York, New York, 1966), p. 215. 
31. T. Satoh and T. Ohtsuka, J. Phys. Soc. Japan 23, 9 (1967). 
32. A. Berman, M. W. Zemansky, and H. A. Boorse, Phys. Rev. 
109, 70 (1958). 
33. 0. V. Lounasmaa and L. J. Sundstrom, Phys. Rev. 158, 591 
(1967). 
34. D. R. Torgenson and R. G. Barnes, Phys. Rev. 136, A738 
(1964). 
35. A. Narath, Phys. Rev. 179, 359 (1968). 
54 
APPENDIX 
MEAS^PED SPECIFIC H^AT OF ALPHA CERIUM 
T C 
(DEC K) (MJ/MQL1-K> 
2  . 7 9 6  7 ^ .  7 2  
3  .  0 0 4  8 1  .  D C  
3  .  2 6 8  9 1 .  2 9  
3  .  5 3 8  1 0 2 .  3 2  
3  .  8 5 9  1 2 0 .  0 1  
4  .  2 0 3  1 4 3 .  2 5  
4  .  5 7 0  1 6 6 .  7 5  
4  .  7 6 9  1 8 ? .  9 0  
4  . 9 4 1  1 9 7 .  1 5  
5  . 0 3 8  2 0 6 .  6 0  
5  . 2 3 2  2 3 4 .  4 1  
5  . 3 3 6  2 3 5 .  6 6  
5  . 4 9 4  2 5 4 .  7 2  
5  . 6 4 0  2 7 5 .  2 1  
5  . 7 7 8  2 8 9 .  2 9  
5  . 9 2 7  3 1 1 .  9 9  
6  . 0 7 0  3 3 0 .  4 8  
6  . 2 3 1  3 5 5 .  3 0  
6  . 3 6 6  3 7 2 .  1 9  
6  . 5 6 7  4 0 8 .  1 8  
6  . 6 6  8  4 2 2 .  7 7  
6  . 9 0 5  4 7 0 ,  6 6  
6  . 9 7 1  4 7 4 .  0 4  
T C T C 
(DEC K) (MJ/MOLE-K) (DEG K) (MJ/MOLE-K» 
7 .  2 1 3  5 2 9 .  3 2  1  1  .  9 9 6  2 1 7 3 .  5 3  
7 .  3 1 8  5 4 4 .  1 2  1 2 .  4 5 2  2 3 9 6 .  3 9  
7 .  5 3 8  5 9 7 .  3 8  1 2 .  9  6 4  2 6 2 4 .  0 4  
7 .  7 3 4  6 3 3 .  1 7  1 3 .  4 3 0  2 8 2 9 .  1  8  
7 .  9 0 3  6 8 3 .  7 4  1 3 .  5 8 9  2 9 2 5 .  9 4  
8 .  1 3 2  7 3 0 .  5 8  1 4 .  0 7 7  3 1 0 9 .  5 8  
8 .  3 0  2  7 9 3 .  3 2  1 4 .  2 8 9  3 2 2 1  .  1 7  
8 .  5 3 7  8 4 2 .  4 0  1 4 .  7 0 3  3 3 9 6 .  3 2  
8 .  6 7 6  8 9 0 .  8 4  1 5 .  0 2 8  3 5 4 1 .  1 2  
9 .  0 0 2  9 8 8 .  7 7  1 5 .  3 5 7  3 6 5 4 .  3 1  
9 .  0 7 6  1 0 1 2 .  1 0  1 5 .  8 1 9  3 9 3 9 .  7 4  
9 .  5 2 7  1 1 5 7 .  5 0  1 6 .  0 1 3  4 0 2 3 .  7 9  
9 .  6 0 4  1 1 9 3 .  0 8  1 6 .  6 1 1  4 4 2 1 .  9 5  
1 0 .  0 1 4  1 3 2 7 .  9 7  1 6 .  7 1 6  4 4 3 9 .  2 5  
1 0 .  0 5 7  1 3 6 3 .  3 7  1 7 .  4 3 8  4 8 8 6 .  3 1  
1 0 .  4 4 1  1 5 3 0 .  0 2  1 7 .  4 7 0  4 8 4 7 .  9 2  
1 0 .  4 4 7  1 5 0 6 .  4 8  1 8 .  1 7 0  5 4 0 1  .  9 2  
1 0 .  8 9 1  1 6 3 6 .  5 9  1 8 .  2 3 7  5 5 2 9 .  2 6  
1 0 .  8 9 3  1 7 2 R .  6 2  1 8 .  2 9 2  5 9 9 9 .  2 8  
1 1 .  4 2 7  1 9 0 9 .  6 5  1 8 .  9 3 0  6 0 3 9 .  0 2  
1 1 .  4 4 0  1  9 3 8 .  8 2  1 9 .  4 7 1  6 5 5 8 .  5 4  
1 1 .  9 6 1  2 1 4 9 .  4 7  1 9 .  5 9 8  6 4 7 7 .  2 1  
M E A S U R E D  S P E C I F I C  H E A T  O F  9 1  P E R C E N T  B E T A  
T  C  T  C  
( D E G  K )  ( M J / M O L E - K )  ( D E C  K »  ( M J / M O L E - K )  
B .  0 1 6  2 6 5 .  2 2  7 .  1 4 3  2 6 7 7 .  2 9  
3 .  1 9 3  3 0 2 .  4 7  7 .  2 3 9  2 7 1 9 .  4 2  
3 .  3 8 9  3 5 2 .  1 9  7 .  4 0 3  2 9 4 9 .  6 9  
3 .  5 7 5  4 0 5 ,  2 6  7 .  5 4 1  3 0 3 1 .  0 4  
3 .  7 9 6  4 6 9 .  3 0  7 .  6 6 8  3 2 2 2 .  6 2  
3 .  9 8 9  5 3 5 .  5 5  7 .  9 0 6  3 4 3 6 .  6 5  
4 .  1 7 9  6 0 6 .  9 9  7 .  9 8 0  3 5 7 8 .  9 6  
4 .  3 7 7  6 8 8 .  3 7  8 .  3 1 0  3 9 0 0 .  4 1  
4 .  5 8 7  7 8 2 .  9 2  8 .  3 2 2  4 0 0 4 .  8 1  
4 .  8 0 7  8 8 8 .  0 3  8 .  6 7 9  4 5 0 0 .  0 1  
5 .  0 4 1  1 0 1 3 .  1 0  8 .  7 2 9  4 4 6 7 .  9 3  
5 .  2 4 8  1 1 3 2 .  8 1  9 .  0 5 5  4 9 7 5 .  8 1  
5 .  4 0 2  1 2 4 6 .  8 9  9 .  1 6 3  5 0 2 2 .  2 6  
5 .  4 8 3  1 1 7 8 .  2 3  9 .  4 3 5  5 4 8 3 .  9 9  
5 .  6 0 1  1 3 8 2 .  4 6  9 .  6 0 4  5 6 8 6 .  5 2  
5 .  7 5 9  1 4 6 3 .  8 8  9 .  8 0 9  6 0 8 9 .  7 2  
5 .  8 3 0  1 5 4 3 .  3 0  1 0 .  0 5 3  6 2 9 3 .  4 3  
6 .  0 4 4  1 6 7 1 .  1 9  1 0 .  1 8 2  6 6 8 9 .  4 4  
6 .  0 6 9  1 7 2 3 .  8 4  I C .  4 9 5  6 8 6 4 .  6 6  
6 .  3 2 2  1 9 2 4 .  0 5  1 0 .  5 5 8  7 2 9 6 .  0 9  
6 .  3 4 3  1 9 1 1 .  9 2  1 0 .  9 2 3  7 9 8 3 .  8 8  
6 .  5 9 0  2 1 6 1 .  0 8  1 1 .  1 4 1  8 0 6 2 .  0 6  
6 ,  6 4 7  2 1 6 9 .  5 1  1 1 .  2 7 8  8 4 0 7 .  5 3  
6 .  8 6 3  2 4 2 0 .  0 2  1 1 .  5 1 7  8 6 9 6 .  4 4  
6 .  9 5 3  2 4 5 5 .  6 1  1 1 .  6 2 3  7 7 7 4 .  0 5  
9  P E R C E N T  A L P H A  C E P I U M  
T  C  
( D E G  K )  ( M J / M O L E - K )  
1 1  .  9 5 0  9 5 6 7 .  7 9  
1 1 .  9 7 8  9 4 3 7 .  3 8  
1 2 .  2 6 2  1 0 0 8 5 .  5 4  
1 2 .  5 1 3  9 9 9 3 .  2 7  
1 2 .  5 6 1  1 0 2 6 9 .  1 7  
1 3 .  1 0 8  9 9 6 3 .  3 8  
1 3 .  1 5 2  1 0 1 9 0 .  4 3  
1 3 .  4 4 8  1 0 0 1 8 .  4 3  
1 3 .  7 1 2  9 8 0 5 .  2 5  
1 3 .  7 3 9  9 4 7 0 .  7 4  
1 4 .  0 4 1  9 2 3 3 .  3 5  
1 4 .  4 4 7  7 7 3 5 .  1 9  
1 4 .  6 0 3  7 4 1 0 .  6 8  
1 5 .  2 7 1  6 4 3 4 .  2 5  
1 5 .  4 2 2  6 5 2 2 .  4 3  
1 6 .  1 2 9  6 5 5 9 .  3 4  
1 6 .  4 1 5  6 7 7 4 .  7 2  
1 6 .  9 6 2  6 9 0 8 .  5 9  
1 7 .  4 5 9  7 1 0 8 .  7 7  
1 7 .  7 6 6  7 1 9 7 .  9 2  
1 8 .  4 0 8  7 7 5 7 .  5 3  
1 8 .  5 3 0  7 7 7 1 .  7 6  
1 9 .  2 5 0  8 2 2 1 .  7 6  
1 9 .  3 2 9  8 1 4 1 .  1 7  
MEASURED SPECIFIC 
T  C  T  
( D E G  K )  ( M J / M O L E - K )  ( D E G  K J  
1 . 4 7 7  1 6 8 8 . 7 1  5 . 2 7 5  
3 . 5 5 4  1 7 6 3 . 2 5  5 . 3 0 2  
3 . 6 4 8  1 8 2 3 . 6 5  5 . 3 8 3  
3 . 6 7 5  1 8 3 1 . 1 3  5 . 4 7 7  
3 . 7 5 1  1 9 1 2 . 4 0  5 . 4 9 6  
3 . 7 5 4  1 9 0 7 . 5 8  5 . 6 1 5  
3 . 8 4 9  1 9 8 4 . 0 9  5 . 6 9  1  
3 . 8 6 0  2 0 0 7 . 6 1  5 . 7 4 7  
3 . 9 5 6  2 0 7 2 . 2 9  5 . 8 8 8  
3 . 9 7 8  2 0 9 3 . 5 1  5 . 9 6 7  
4 . 0 7 1  2 1 5 4 . 4 4  6 . 0 4 0  
4 . 1 0 4  2 2 0 2 . 5 5  6 . 2 1 0  
4 . 1 9 3  2 2 5 2 . 9 0  6 . 2 9 3  
4 . 2 3 1  2 2 8 7 . 6 1  6 . 4 0 5  
4 . 3 1 5  2 3 3 3 . 1 1  6 . 6 2 8  
4 . 3 5 3  2 3 7 7 . 4 2  6 . 6 7 6  
4 . 4 3 2  2 4 1 9 . 2 8  6 . 8 8 0  
4 . 5 4 3  2 5 1 0 . 0 3  7 . 0 6 4  
4 . 5 8 9  2 5 4 4 . 3 5  7 . 1 8 2  
4 . 6 5 2  2 5 5 5 . 3 1  7 . 4 1 4  
4 . 7 0 4  2 6 0 5 . 5 2  7 . 5 2 5  
4 . 7 5 8  2 6 4 6 . 6 8  7 . 7 8 9  
4 . 8 1 5  2 6 6 7 . 8 4  7 . 8 6 0  
4 . 8 6 3  2 6 7 7 . 7 0  8 . 1 8 5  
4 . 9 2 3  2 6 9 5 . 3 8  8 . 2 1 6  
4 . 9 6 6  2 6 9 1 . 1 1  8 . 6 0 5  
5 . 0 3 7  2 7 3 3 . 9 8  8 . 6 1 5  
5 . 0 6 8  2 7 2 9 . 4 6  9 . 0 1 7  
5 . 1 5 9  2 6 9 2 . 2 7  9 . 0 7 3  
5 . 1 7 1  2 6 7 8 . 4 1  
OF 63.6 A/3 CE-31.4 A/0 Y 
C  
( M J / M O L E - K I  
2 5 6 7 . 2 1  
2 5 6 7 . 7 2  
2 4 4 6 . 7 9  
2 3 3 7 . 4 1  
2 3 1 2 . 9 0  
2 1 8 6 . 9 8  
2 1 1 0 . 9 9  
2 0 7 2 . 4 5  
1 9 8 3 . 0 8  
1 9 3 6 . 9 2  
1 8 9 3 . 8 7  
1 8 4 2 . 9 9  
1 8 0 9 . 0 3  
1 7 7 6 . 1 1  
1 7 3 9 . 4 0  
1 7 2 5 . 4 0  
1 6 9 8 . 4 3  
1 6 7 9 . 3 1  
1 6 7 1 . 9 8  
1 6 7 3 . 4 7  
1 6 6 6 . 8 1  
1 6 7 6 . 1 3  
1 6 7 4 . 0 2  
1 7 0 7 . 3 6  
1 7 0 6 . 8 0  
1 7 4 0 . 3 1  
1 7 6 0 . 4 9  
1 8 0 8 . 3 3  
1 8 2 8 . 0 5  
T  
( D E G  K )  
° . 4 6 1  
9 . 5 5 9  
9 . 9 3 3  
1 0 . 0 6 7  
1 0 . 4 1 0  
1 0 . 5 7 1  
1 0 . 8 8 8  
1 1 . 4 5 0  
1 1 . 6 1 3  
1 2 . 0 9 9  
1 2 . 1 2 8  
1 2 . 6 9 0  
1 2 . 7 0 5  
1 3 . 2 8 3  
1 3 . 2 8 3  
1 3 . 9 0 7  
1 4 . 5 4 8  
1 4 . 5 8 6  
1 5 . 2 2 0  
1 5 . 3 9 3  
1 5 . 9 6 1  
1 6 . 3 0 3  
1 6 . 8 1 0  
1 7 . 2 6 9  
1 7 . 7 1 2  
1 8 . 2 2 4  
1 8 . 7 1 0  
1 9 . 0 9 7  
1 9 . 6 8 9  
C  
( M J / M O L E - K )  
1 8 8 8 . 3 7  
1 8 9 8 . 5 8  
1 9 7 4 . 5 8  
2 0 1 0 . 5 8  
2 0 8 4 . 1 8  
2 1 2 0 . 9 2  
2 2 1 6 . 0 7  
2 3 7 3 . 7 0  
2 4 3 6 . 5 4  
2 5 8 4 . 1 1  
2 5 8 2 . 9 5  
2 7 7 3 . 2 6  
2 7 4 8 . 8 3  
2 9 7 5 . 2 9  
2 9 4 4 . 3 0  
3 1 8 5 . 8 8  
3 5 3 1 . 0 9  
3 4 9 4 . 2 0  
3 7 2 1 . 8 9  
3 8 4 2 . 7 9  
4 0 9 1 . 5 9  
4 2 6 5 . 6 5  
4 5 4 5 . 4 7  
4 7 4 8 . 4 8  
4 9 9 4 . 6 6  
5 3 4 3 . 7 7  
5 5 6 0 . 8 7  
5 8 1 8 . 1 3  
6 1 8 3 . 1 2  
MEASURED SPECIFIC HE 
T  C  T  
( D E G  K »  ( M J / M O L E - K I  ( D E G  K )  
3 . 8 8 3  1 8 6 0 . 6 6  5 . 4 8 5  
3 . 9 3 7  1 8 8 2 . 2 4  5 . 5 5 5  
3 . 9 5 9  1 9 1 7 . 2 0  5 . 6 1 3  
4 . 0 2 2  1 9 6 9 . 4 6  5 . 7 2 7  
4 . 0 4 1  1 9 8 3 . 3 5  5 . 7 3 7  
4 . 1 1 6  2 0 4 7 . 8 3  5 . 8 6 9  
4 . 1 1 7  2 0 5 0 . 3 9  5 . 9 1 8  
4 . 1 9 4  2 1 1 1 . 8 6  6 . 0 2 7  
4 . 2 1 3  2 1 3 1 . 3 5  6 . 1 3 2  
4 . 2 7 3  2 1 9 2 . 1 0  6 . 2 3 3  
4 . 3 1 6  2 2 1 5 . 7 1  6 . 4 3 3  
4 . 3 5 8  2 2 7 1 . 2 6  6 . 5 2 0  
4 . 4 2 2  2 3 2 2 . 5 1  6 . 8 2 8  
4 . 5 3 5  2 4 2 3 . 5 3  6 . 8 7 2  
4 . 5 5 0  2 4 4 7 . 2 6  7 . 2 2 8  
4 . 6 5 5  2 5 2 8 . 5 0  7 . 2 5 0  
4 . 6 5 7  2 5 4 1 . 6 1  7 . 5 7 4  
4 . 7 6 7  2 6 3 3 . 4 2  7 . 6 9 6  
4 . 7 8 7  2 6 5 9 . 9 8  7 . 9 1 8  
4 . 8 6 2  2 7 6 3 . 5 4  8 . 1 3 2  
4 . 9 2 4  2 7 9 7 . 0 8  8 . 2 5 8  
5 . 0 1 4  2 8 8 8 . 7 3  8 . 5 3 0  
5 . 0 6 9  2 9 3 8 . 9 4  8 . 6 1 8  
5 . 1 4 2  2 9 9 6 . 5 3  8 . 9 1 9  
5 . 2 1 5  3 0 6 6 . 0 6  9 . 0 0 7  
5 . 2 7 2  3 1 2 7 . 1 4  9 . 3 2 3  
5 . 3 5 2  3 1 7 8 . 4 7  9 .  4 4 9  
5 . 4 1 0  3 2 2 8 . 2 8  9 . 7 3 9  
OF 71.7 A/0 CE-28.3 A/0 Y 
C  
{ M J / M O L E - K »  
3 2 9 3 . 1 0  
3 3 3 3 . 3 5  
3 3 8 0 . 3 8  
3 4 6 3 . 4 1  
3 4 9 0 . 1 4  
3 5 1 2 . 3 6  
3 5 0 7 . 4 6  
3 4 9 8 . 1 9  
3 3 2 9 . 4 6  
3 0 5 4 . 1 8  
2 5 7 4 . 7 4  
2 4 1 5 . 4 0  
2 1 3 3 . 2 0  
2 1 1 1 . 8 5  
1 9 7 6 . 9 2  
1 9 7 2 . 9 9  
1 9 2 0 . 3 5  
1 9 0 4 . 7 4  
1 8 9 2 . 4 7  
1 8 8 5 . 9 3  
1 8 9 3 . 3 6  
1 9 0 5 . 8 7  
1 9 1 4 . 8 1  
1 9 5 0 . 8 2  
1 9 5 1 . 5 8  
2 0 1 2 . 2 5  
2 0 1 8 . 4 9  
2 0 6 8 . 0 7  
T  
( D E C  K )  
9 . 9 1 3  
1 0 . 1 4 8  
1 0 . 3 8 3  
1 0 . 5 3 4  
1 0 . 8 9 6  
1 0 . 8 9 7  
1 1 . 2 4 2  
1 1 . 4 5 4  
1 1 . 6 0 0  
1 1 . 9 7 6  
1 2 . 1 6 8  
1 2 . 3 4 7  
1 2 . 7 7 0  
1 2 . 9 8 5  
1 3 . 2 2 6  
1 3 . 7 6 0  
1 3 . 7 9 3  
1 4 . 4 8 8  
1 4 . 4 9 2  
1 5 . 1 7 0  
1 5 . 1 8 8  
1 5 . 8 0 5  
1 5 . 9 1 1  
1 6 . 5 0 3  
1 7 . 3 0 4  
1 8 . 1 5 5  
1 9 . 0 2 1  
1 9 . 8 1 2  
C  
( M J / M O L E - K )  
2 0 9 3 . 3 2  
2 1 6 8 . 6 7  
2 2 2 2 . 7 5  
2 2 7 6 . 5 9  
2 3 3 4 . 3 7  
2 3 2 8 . 3 1  
2 4 6 1 . 7 0  
2 5 0 1 . 0 4  
2 5 3 7 . 7 2  
2 6 4 6 . 6 7  
2 6 8 8 . 4 3  
2 8 0 0 . 1 7  
2 9 0 4 . 1 8  
2 9 9 6 . 5 0  
3 0 7 9 . 5 4  
3 2 7 9 . 8 1  
3 3 0 5 . 0 6  
3 6 2 0 . 8 2  
3 6 1 7 . 9 0  
3 8 7 2 . 4 2  
3 9 1 5 . 5 1  
4 1 4 9 . 0 8  
4 2 3 7 . 6 9  
4 4 9 4 . 8 5  
4 8 2 5 . 6 3  
5 2 9 9 . 7 0  
5 6 8 3 . 2 4  
6 1 8 9 . 1 5  
M E A S U R E D  S P E C I F I C  H E A T  O F  7 5 . 6  A / 0  C E - 2 4 . 4  A / 0  Y  
T  C  
D E G  K )  ( M J / M O L E - K )  
3 .  9 4 3  1 6 8 7 .  2 8  
4 .  0 3 1  1 7 6 3 .  3 8  
4 .  1 4 0  1 8 6 8 .  6 6  
4 .  2 6 3  1 9 6 4 .  3 8  
4 .  4 0 1  2 0 9 3 .  0 4  
4 .  5 3 8  2 1 7 5 .  7 0  
4 .  5 6 1  2 2 3 4 .  8 7  
4 .  5 6 4  2 2 4 1 .  1 6  
4 .  6 2 3  2 2 9 1 .  1 2  
4 .  7 0 9  2 3 5 8 .  0 3  
4 .  7 3 3  2 3 7 9 .  4 6  
4 .  8 0 5  2 4 6 6 .  1 3  
4 .  9 0 7  2 5 7 3 .  2 7  
4 .  9 1 9  2 5 7 6 .  1 2  
5 .  0 5 6  2 7 2 1 .  3 2  
5 .  0 8 3  2 7 4 5 .  7 8  
5 .  2 2 0  2 9 0 3 .  2 7  
5 .  2 8 0  2 9 6 3 .  2 4  
5 .  4 0 7  3 1 0 8 .  0 8  
5 .  4 8 2  3 1 8 2 .  7 1  
5 .  6 1 0  3 3 1 4 .  5 1  
5 .  6 7 8  3 4 1 8 .  1 5  
5 .  8 2 7  3 5 8 9 .  3 4  
5 .  8 7 9  3 6 4 5 .  3 2  
T  C  
( D E G  K J  ( M J / M O L E - K )  
6 .  0 7 5  3 8 0 6 .  3 8  
6 .  0 9 1  3 9 1 4 .  2 7  
6 .  3 4 4  4 2 0 6 .  7 5  
6 .  6 2 3  4 5 4 1 .  0 5  
6 .  6 6 4  4 5 2 4 .  3 7  
6 .  8 9 9  4 6 5 7 .  6 6  
7 .  0 7 6  4 2 3 3 .  3 1  
7 .  2 0 2  3 8 0 7 .  0 3  
7 .  6 3 0  2 5 1 6 .  7 0  
7 .  6 4 4  2 4 8 4 .  8 9  
8 .  1 7 3  2 2 2 8 .  2 8  
8 .  3 4 1  2 2 1 0 .  9 7  
8 .  7 0 5  2 1 7 6 .  7 3  
9 .  0 9 3  2 1 8 0 .  4 0  
9 .  2 4 9  2 2 1 5 .  7 8  
9 .  7 9 4  2 2 8 2 .  4 3  
9 .  7 8 4  2 2 9 5 .  5 9  
1 0 .  3 3 5  2 3 9 3 .  7 6  
1 0 .  4 6 7  2 3 9 0 .  7 7  
1 0 .  8 9 5  2 5 2 7 .  3 8  
1 1 .  1 3 6  2 5 6 8 .  5 7  
1 1 .  4 3 3  2 6 8 1 .  9 5  
1 1 .  7 3 6  2 7 5 8 .  5 4  
T  C  
( D E G  K )  ( M J / M O L E - K )  
1 2 . 2 9 2  2 9 0 9  . 3 6  
1 2 . 4 5 0  2 9 6 9  . 0 0  
1 2 . 8 9 5  3 1 3 1  . 3 7  
1 2 . 9 0 0  3 1 7 0  . 6 2  
1 3 . 3 9 7  3 3 0 6  . 0 8  
1 3 . 4 7 3  3 3 8 2  . 2 7  
1 3 . 9 5 9  3 5 7 9  . 9 4  
1 4 . 0 0 2  3 5 3 6  . 4 0  
1 4 . 5 3 4  3 8 2 4  . 7 0  
1 4 . 5 6 2  3 8 6 3  . 2 3  
1 4 . 1 5 1  4 0 5 4  . 7 3  
1 5 . 1 9 8  4 0 8 4  . 2 0  
1 5 . 8 7 0  4 4 4 7  . 3 4  
1 5 . 8 7 7  4 3 6 8  . 2 9  
1 6 . 5 4 0  4 7 4 3  . 2 9  
1 6 . 7 1 4  4 7 9 9  . 0 4  
1 7 . 2 8 8  5 0 8 1  . 5 8  
1 7 . 6 1 3  5 1 7 4  . 9 9  
1 8 . 1 0 5  5 5 0 2  . 0 2  
1 8 . 5 6 2  5 7 2 2  . 4 6  
1 8 . 9 4 3  5 9 8 8  . 3 0  
1 9 . 6 2 4  6 2 5 8  . 9 2  
1 9 . 8 5 0  6 4 9 1  . 0 5  
M E A S U R E D  S P E C I F I C  H E A T  O F  7 8 . 2  
T  C  
• E G  K )  ( M J / M O L E - K )  
3 .  6 2 5  1 2 6 5 .  5 4  
3 .  7 2 1  1 3 4 2 .  3 5  
3 .  8 0 9  1 4 3 3 .  8 4  
3 .  8 3 9  1 4 3 4 .  1 3  
3 .  9 5 2  1 5 3 8 .  5 5  
3 .  9 7 1  1 5 4 2 .  0 7  
4 .  0 9 7  1 6 8 9 .  0 4  
4 .  1 1 3  1 6 5 7 .  7 4  
4 .  2 4 8  1 8 1 1 .  7 6  
4 .  2 6 9  1 7 8 9 .  0 9  
4 .  3 9 9  1 9 2 7 .  9 8  
4 .  4 3 1  1 9 2 3 .  1 7  
4 .  5 5 2  2 0 7 6 .  3 5  
4 .  5 9 5  2 0 7 4 .  1 6  
4 .  7 0 6  2 2 1 2 .  4 3  
4 .  7 6 0  2 2 3 5 .  7 5  
4 .  8 6 2  2 3 9 2 .  6 8  
4 .  9 2 9  2 3 9 6 .  5 3  
5 .  0 2 7  2 5 5 6 .  2 3  
5 .  1 0 1  2 5 7 2 .  6 3  
5 .  2 2 4  2 7 4 3 .  8 5  
5 .  2 7 5  2 7 4 6 .  8 9  
5 .  4 3 8  2 9 8 4 .  7 7  
5 .  4 6 4  2 9 5 2 .  1 1  
5 .  6 5 6  3 2 8 4 .  3 0  
T  C  
( D E G  K )  ( M J / M O L E - K  
5 . 6 7 7  3 2 0 3 . 4 1  
5 . 8 9 7  3 5 6 2 . 1 3  
6 . 1 2 0  3 7 9 7 . 0 2  
6 . 1 4 6  3 7 7 6 . 1 8  
6 . 2 9 8  4 0 3 9 . 7 8  
6 . 3 7 8  4 0 8 2 . 0 1  
6 . 4 3 4  4 2 3 6 . 2 1  
6 . 5 4 8  4 4 2 0 . 6 0  
6 . 6 0 0  4 3 5 5 . 2 8  
6 . 6 8 2  4 5 4 3 . 3 6  
6 . 8 0 8  4 6 6 7 . 7 1  
6 . 8 3 4  4 8 0 4 . 8 0  
6 . 9 9 7  4 8 2 6 . 8 5  
7 . 0 1 1  4 9 6 1 . 3 8  
7 .  1 5 8  5 0 8 7 . 9 4  
7 . 2 0 8  5 2 2 4 . 5 6  
7 . 3 1 9  5 1 9 0 . 4 1  
7 . 3 9 9  5 4 3 8 . 4 0  
7 . 4 7 5  5 2 7 4 . 8 8  
7 .  5 8 6  5 7 1 2 . 8 4  
7 . 6 2 1  5 8 9 5 . 3 8  
7 . 7 8 0  5 4 7 3 . 5 6  
7 .  7 8 5  5 0 7 6 . 9 7  
7 . 9 9 4  3 3 8 0 . 6 8  
A . 0 2 6  3 4 8 6 . 2 2  
C E - 2 1 . 8  A / 0  Y  
T  
( D E G  K )  
8 . 2 5 6  
8 . 3 5 6  
8 . 6 2 9  
8 . 8 1 9  
8 . 9 8 0  
9 . 1 3 5  
9 . 3 0 1  
9 . 5 0 4  
9 . 7 8 1  
1 0 . 1 6 5  
1 0 . 6 2 0  
1 1 . 1 2 4  
1 1 . 6 7 0  
1 2 . 2 3 6  
1 2 . 7 6 2  
1 3 . 3 5 8  
1 4 . 0 4 1  
1 4 . 7 6 4  
1 5 . 5 5 1  
1 6 . 3 9 8  
1 7 . 2 9 0  
1 8 . 1 6 6  
1 8 . 9 5 7  
1 9 . 6 5 5  
C  
( M J / M O L E - K )  
2 8 2 4 . 1 9  
2 6 5 5 . 7 1  
2 5 2 0 . 6 3  
2 4 9 6 . 7 7  
2 4 0 9 . 2 2  
2 4 3 8 . 3 2  
2 4 4 2 . 8 5  
2 4 4 3 . 3 5  
2 4 8 0 . 4 6  
2 5 2 9 . 2 5  
2 6 1 3 . 8 5  
2 7 5 4 . 3 7  
2 9 1 7 . 3 2  
3 0 7 7 . 6 6  
3 2 9 9 . 9 1  
3 5 0 4 . 5 0  
3 7 8 4 . 0 8  
4 1 3 8 . 8 2  
4 4 9 9 . 3 0  
4 9 5 4 . 0 6  
5 4 0 5 . 0 3  
5 9 9 2 . 2 1  
6 4 6 1 . 0 6  
6 8 7 4 . 8 1  
MEASURED SPECIFIC HEAT OF 82.3 A/3 CE-17.7 A/0 Y 
T  C  
( D E G  K )  ( M J / M O L E - K )  
2 . 8 2 9  6 2 8 . 6 5  
2 . 8 9 4  6 6 2 . 3 2  
2 . 9 7 6  7 0 1 . 5 1  
3 . 0 7 3  7 5 2 . 2 3  
3 . 1 8 1  8 1 1 . 9 5  
3 . 2 9 6  8 7 8 . 5 7  
3 . 4 1 8  9 5 1 . 6 1  
3 . 6 7 4  1 1 1 5 . 9 3  
3 . 7 8 6  1 1 8 9 . 0 7  
3 . 8 9 3  1 2 6 1 . 8 8  
4 . 0 2 3  1 3 6 3 . 8 5  
4 . 1 6 9  1 4 7 2 . 2 4  
4 . 3 3 1  1 6 0 0 . 9 4  
4 . 3 6 1  1 6 2 6 . 2 4  
4 .  5 0 6  1 7 4 6 . 4 1  
4 . 5 2 0  1 7 4 9 . 5 1  
4 . 6 6 9  1 8 8 4 . 2 9  
4 . 6 8 9  1 9 0 3 . 7 9  
4 .  8 0 7  2 0 0 4 . 8 4  
4 . 8 7 8  2 0 4 0 . 8 1  
4 . 9 7 2  2 1 6 0 . 2 4  
5 . 0 7 6  2 2 6 2 . 4 2  
5 . 1 6 3  2 3 4 5 . 9 2  
5 . 2 7 9  2 4 6 3 . 1 8  
5 . 3 6 9  2 5 5 8 . 5 0  
5 . 4 9 0  2 6 8 6 . 4 4  
5 . 5 8 9  2 8 0 4 . 0 9  
5 . 6 9 7  2 9 0 3 . 0 1  
5 . 7 9 8  3 0 3 0 . 4 5  
5 . 9 0 7  3 1 5 5 . 4 5  
T  C  
( D E G  K )  ( M J / M O L E - K )  
6  . 0 0 9  3 2 6 9  . 4 2  
6  . 1 4 7  3 4 3 6  . 4 8  
6  . 2 4 9  3 5 8 6  . 9 8  
6  . 4 1 6  3 7 6 4  . 5 9  
6  . 5 1 4  3 9 1 8  . 3 5  
6  . 6 8 3  4 1 4 2  . 2 0  
6  . 7 9 7  4 3 2 1  . 9 1  
6  . 9 3 4  4 5 0 3  . 0 3  
7  . 0 9 3  4 7 4 5  . 2 5  
7  . 1 6 8  4 8 4 1  . 8 3  
7  . 3 8 3  5 1 9 1  . 3 3  
7  . 3 9 1  5 2 5 2  . 0 5  
7  . 5 8 6  5 5 3 4  . 4 9  
7  . 7 0 1  5 7 1 6  . 1 5  
7  . 7 7 9  5 8 4 0  . 9 8  
7  . 9 6 1  6 1 4 6  . 1 4  
8  . 0 1 0  6 2 4 3  . 5 1  
8  . 1 3 6  6 4 2 4  . 5 1  
8  . 3 0 2  6 6 6 9  . 0 3  
8  . 3 2 0  6 8 1 7  . 4 2  
8  . 4 6 0  6 8 9 5  . 0 1  
8  . 6 1 9  6 8 1 1  . 4 5  
8  . 6 5 2  6 5 6 5  . 3 9  
8  . 7 6 9  6 0 5 3  . 8 5  
8  . 9 2 8  4 5 8 6  . 2 5  
8  . 9 3 4  4 5 2 8  . 1 4  
9  . 1 5 4  3 5 9 3  . 8 5  
9  .  1 8 7  3 5 3 9  . 0 1  
9  . 4 0 8  3 1 9 3  . 1 1  
9  . 5 1 2  3 0 9 1  . 6 5  
T  C  
( D E G  K )  ( M J / M O L E - K )  
9 . 6 8 0  2 9 9 2 .  2 3  
9 . 8 8 1  2 9 4 9 .  1 2  
9 . 9 6 4  2 9 3 9 .  2 4  
1 0 . 2 4 9  2 9 5 8 .  2 2  
1 0 . 2 5 9  2 9 6 2 .  8 3  
1 0 . 6 0 4  3 0 0 6 .  4 2  
1 0 . 6 2 1  2 9 7 5 .  0 6  
1 0 . 9 3 7  3 1 0 6 .  0 9  
1 1 . 0 3 8  3 1 2 4 .  6 3  
1 1 . 3 0 0  3 1 5 3 .  3 6  
1 1 . 5 3 3  3 2 3 8 .  5 5  
1 1 . 6 8 3  3 2 3 9 .  3 8  
1 2 . 0 8 6  3 4 8 3 .  4 5  
1 2 . 1 1 9  3 4 1 0 .  3 5  
1 2 . 5 8 6  3 6 4 0 .  5 1  
1 2 . 8 3 6  3 6 3 5 .  7 0  
1 3 . 1 1 3  3 7 0 0 .  2 9  
1 3 . 6 4 7  3 9 4 9 .  2 3  
1 3 . 7 6 1  4 0 0 8 .  6 6  
1 4 . 3 5 7  4 3 5 3 .  9 5  
1 4 . 5 5 4  4 5 0 3 .  6 1  
1 4 . 9 7 0  4 7 1 3 .  5 8  
1 5 . 5 3 9  5 0 0 7 .  3 2  
1 5 . 8 2 2  5 0 8 9 .  7 8  
1 6 . 8 1 3  5 6 3 0 .  9 4  
1 7 . 6 8 9  6 1 3 8 .  3 7  
1 7 . 8 6 2  6 1 4 6 .  5 9  
1 8 . 6 7 3  6 9 3 3 .  4 3  
1 8 . 8 9 9  6 8 8 7 .  3 2  
1 9 . 5 2 1  7 5 3 3 .  1 3  
4 E & S U R E 0  S P E C I F I C  H E A T  O F  9 6 . 1  A / 3  C E - 3 . 9  A / :  Y  
T  C  
( D E G  K >  ( M J / M O L E - K )  
3  . 0 3 6  3 9 4 .  2 3  
3  . 1 0 5  4 1 1  .  3 3  
3  . 1 9 3  4 3 9 .  4 9  
3  . 3 0 3  4 7 5 .  8 8  
3  . 3 9 8  5 0 8 .  6 8  
3  . 4 2 2  5 1 6 .  6 3  
3  .  5 4 4  5 6 4 .  2 0  
3  . 6 7 8  6 1 4 .  2 5  
3  . 6 9 8  6 2 1 .  7 8  
3  . 8 2 0  6 7 4 .  2 1  
3  . 8 8 4  6 9 7 .  3 5  
3  . 9 7 4  7 4 0 .  9 6  
4  . 0 3 8  7 6 9 .  1 2  
4  . 0 3 8  7 6 9 .  1 2  
4  . 1 4 0  8 2 2 .  9 5  
4  . 1 8 3  8 4 4 .  9 8  
4  . 3 0 1  9 0 1 .  0 3  
4  . 3 2 4  9 1 7 .  6 4  
4  , 4 6 7  9 9 3 .  1 4  
4  . 4 7 1  9 9 2 .  2 8  
4  . 6 3 0  1 0 3 9 .  3 0  
4  . 6 6 2  1 1 0 6 .  9 9  
4  .  8 0 9  1 1 9 4 .  6 1  
4  . 8 7 9  1 2 4 2 .  3 7  
5  . 0 0 5  1 3 2 4 .  0 1  
5  . 1 1 3  1 3 9 8 .  5 1  
5  .  2 1 4  1 4 7 1 .  7 1  
5  . 3  6 6  1  5 8 2 .  8 9  
5  .  4 3 0  1 6 2 6 .  8 2  
R  •  6 3 6  1  7 9 4 .  6 7  
5  . 6 5 0  1 8 0 0 .  4 5  
5  .  3 7 4  1 9 8 9 .  3 1  
T  C  
( D E G  .  K )  ( M J / M O L E - K )  
5 .  9 2 6  2 0 4 0 . 4 2  
6 .  0 9 5  2 1 8 8 . 0 5  
6 .  1 9 8  2 2 7 1 . 8 1  
6 .  3 1 8  2 3 8 4 . 0 2  
6 .  4 6 6  2 5 3 5 . 5 3  
6 .  5 2 3  2 7 2 2 . 5 8  
6 .  7 5 5  2 8 2 3 . 1 6  
6 .  7 5 7  2 8 4 2 . 5 8  
7 .  0 2 4  3 1 1 8 . 4 9  
7 .  0 6 7  3 1 7 0 . 1 9  
7 .  3 1 4  3 4 5 0 . 5 5  
7 .  3 8 1  3 5 2 0 . 7 2  
7 .  6 2 3  3 8 2 1 . 6 5  
7 .  6 7 4  3 8 6 1 . 2 6  
7 .  9 3 0  4 2 2 9 . 8 4  
7 .  9 5 1  4 2 6 8 . 1 5  
8 .  2 2 3  4  6 4 4 . 6 5  
8 .  2 2 7  4 6 4 4 . 2 6  
8 .  5 0 5  4 8 8 0 . 4 3  
8 .  5 0 7  4 9 6 5 . 1 7  
8 .  7 5 8  5 4 1 6 . 1 5  
8 .  7 9 9  5 4 9 5 . 8 5  
8 .  9 9 4  5 7 8 2 . 6 9  
9 .  2 1 8  6 0 8 1 . 7 7  
9 .  4 2 9  6 3 3 0 . 3 2  
9 .  4 7 2  6 4 0 9 . 2 9  
9 .  6 0 1  6 7 6 8 . 4 0  
9 .  7 7 8  7 0 2 2 . 3 3  
9 .  8 1 8  6 8 9 6 . 7 9  
9 .  9 5 8  7 2 8 5 . 5 6  
1 0 .  1 3 6  7 5 9 1 . 8 0  
1 0 .  1 9 6  7 5 2 0 . 5 1  
T  C  
( D E G  K )  ( M J / M O L E - K )  
1 0  . 3 0 4  7 9 5 8 .  1 1  
1 0  . 4 7 5  8 0 0 6 .  1 2  
1 0  .  5 9 6  8 2 8 0 .  1 2  
1 0  . 6 3 5  8 4 0 9 .  6 7  
1 0  .  7 9 8  8 5 2 8 .  8 7  
1 0  . 9 5 1  8 7 8 9 .  9 2  
1 1  .  0 0 4  8 8 0 8 .  0 3  
1 1  . 0 9 5  9 2 1 8 .  7 0  
1 1  .  2 4 6  9 2 1 5 .  7 3  
1 1  . 3 9 6  9 3 2 3 .  1 7  
1 1  . 4 1 9  9 0 5 2 .  9 8  
1 1  . 5 6 0  9 1 1 1 .  5 0  
1 1  . 7 3 9  8 9 1 6 .  3 9  
1 1  . 8 8 0  8 6 5 9 .  6 5  
1 1  . 9 6 1  8 7 7 3 .  7 9  
1 2  . 2 3 1  8 2 4 6 .  7 4  
1 2  . 4 1 1  8 0 3 2 .  7 1  
1 2  . 6 0 4  7 7 9 0 .  5 6  
1 3  . 0 6 5  7 0 2 8 .  9 4  
1 3  .  1 6 8  6 8 7 0 .  6 4  
1 3  . 8 4 5  6 2 3 6 .  4 9  
1 3  . 9 8 0  6 2 3 3 .  4 1  
1 4  . 7 0 8  6 3 6 3 .  0 8  
1 4  . 9 6 2  6 3 7 0 .  là 
1 5  . 6 1 9  6 6 4 3 .  5 7  
1 6  . 0 1 9  6 8 4 9 .  2 0  
1 6  .  5 9 6  7 1 9 6 .  1 6  
1 7  . 0 7 9  7 4 7 2 .  9 6  
1 7  .  5 R 6  7 6 8 5 .  55 
1 8  .  0 8 2  8 0 9 5 .  0  7  
1 8  . 5 1 4  8 4 6 9 .  9 9  
1 9  .  3 4 5  9 1 0 7 .  9 2  
